



2D and 3D data processing of archaeo-magnetic data / S.PIRO; L.SAMBUELLI; GODIO A.. - STAMPA. - I(2005), pp.
158-162. ((Intervento presentato al convegno 6th Int. Conf. on Archaeological Prospection tenutosi a ROMA nel 14-17
Sept..
Original







(Article begins on next page)
This article is made available under terms and conditions as specified in the  corresponding bibliographic description in
the repository
Availability:
This version is available at: 11583/1412145 since:
ITABC-CNR
2D AND 3D DATA PROCESSING OF ARCHAEO-MAGNETIC DATA 
 
 
S. Piro (1), L. Sambuelli (2), A. Godio (2) 
 
(1) Istituto per le Tecnologie Applicate ai Beni Culturali - CNR. P.O. Box 10 
      00016 Monterotondo Sc. (Roma), Italy.   Salvatore.Piro@itabc.cnr.it  
(2) Dipartimento Ing. Ambiente, Territorio e Geotecnologie, Politecnico - C.so Duca degli 
Abruzzi,24 - Turin (Italy)    mail: luigi.sambuelli@polito.it,  alberto.godio@polito.it 
 
Introduction. The Sabine Necropolis at Colle del Forno (700-300 B.C.) at Montelibretti, Rome is 
characterized by dromos chamber tombs, most of them unexplored till now. The tombs can be 
assimilated to cavities of a standard volume of some cubic meters; the entrance of the tombs is a 
corridor 6 m long with a 1 square meter section . The surficial geology of the area consists of a 
series of tuffs about 10 m thick overlying Pleistocene-Quaternary sandy-clayey sediments. A thin 
layer of top soil (20 - 30 cm) covers the tuff. The investigation of the Necropolis in the past decade 
has been performed by different geophysical methodologies: electrical, electromagnetic and 
magnetic methods have been widely adopted to investigate several chamber tombs (Piro et al, 
2001). The aim of this paper is to analyze an integrated approach to the processing of magnetic 
survey data. The magnetic susceptibility contrast between topsoil, subsoil and rocks (topsoil is 
normally more magnetic than subsoil) permits to detect ditches, pits and other silted-up features that 
were excavated and then silted or back-filled with topsoil. Meanwhile back-filled areas produce 
positive anomalies, less magnetic material introduced into topsoil, including many kinds of 
masonry (for example, limestone walls) may produce negative anomalies of the order of some 
nanoteslas. The same behavior is related to the presence of cultural voids and tombs whose 
magnetic anomaly is generated by the lack of magnetic materials due to the cavities of the tombs. In 
the area a diffused magnetisation is manly due to the presence of top soil and tuff materials and high 
negative susceptibility contrasts can be expected because of the presence of the tombs. The 
magnetic survey was performed along a regular grid of 0.5 m x 0.5 m using a optical pumped 
Caesium-vapour magnetometer G858 (Geometrics), in the gradient configuration, on an area which 
is well known as far as the presence, size and position of tombs are concerned. 
 
Methods. We analyzed the effectiveness of several methods for interpreting magnetic data and the 
possible synergies among the information obtained by each method. The approach is based on a 
preliminary evaluation of the depth of the causative body according to the solution of Euler’s 
equation (Thompson, 1982); the refinement of the solution can be obtained by the interpretation of 
3D analytic signal (Nabighian, 1972); the application of two-dimensional cross-correlation 
technique (Brizzolari et al., 1993, Piro et al., 1998) permits to estimate the spatial orientation, the 
shape and the susceptibility contrast of the causative bodies. The preliminary interpretation allows 
one to determine the starting model and to introduce the necessary constraints (e.g. susceptibility 
contrast, maximum depth of the magnetic targets) for the subsequent 3D modeling and inversion (Li 
and Oldenburg, 1996). 
 
Results. The solutions of 2D Euler’s equation were derived for all the South-North profiles of the 
selected area; the interpretation was carried out using different structural index (N=1.5-2.0-2.5-3) to 
verify the best result on the basis of the clustering of the solutions. A good clustering was obtained 
using the structural index N=2-2.5, which can be related to a target horizontally elongated. The use 
of order 1 (gradient and the gradient derivatives) of the Euler’s equation permits to obtain a good 
compromise between the capability of the method to enhance shallow features without increasing 
the noise level. Furthermore, the relationship between the distance and size of the causative bodies 
(tombs), the window size with respect to the wavelength of the anomalies and the structural index 
should be considered to define the actual physical meanings of the structural index itself. However, 
the Euler’s solution confirmed the presence of two main magnetic causative bodies located at a 
depth between 1.5-2.0 meters. The spatial position of the tombs appears well centered with the 
results of the analytic signal (Figure 1). 
 
 
Figure 1: (top) profile of vertical component of the total magnetic field (x=4.5 m); (middle) vertical 
derivative of the vertical component of the total magnetic field; (bottom) solutions of the Euler’ 
deconvolution for a structural index of 2.5.  
 
 
To perform the cross-correlation analysis, different synthetic models were generated using a 




Figure 2: map of the amplitude of the analytic signal (left);  results of cross correlation analysis on 
the vertical gradient of the total field (right), using a synthetic magnetic anomaly of a cubic model 
(1 m), with the top of the target at a depth of 1 m and susceptibility contrast  –0.006 S.I. units. 
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